DEFINITION AND BACKGROUND
A pathogen's virulence is the negative impact it has on a host. As a trait, virulence correlates with pathogen fitness, and hence can undergo selection. In directly transmitted pathogens, higher within-host growth rates are associated with higher transmission rates and greater fitness of the pathogen. Higher growth rates often result in higher virulence, resulting in the co-selection of virulence along with fitness. When expressed as mortality, increased virulence limits the amount of time an infected individual can transmit pathogens. This sets up a trade-off between infection duration and transmission probability, theoretically resulting in an optimal level of intermediate virulence [1] (Fig. 1) . However, the nature of such trade-offs depends upon the life history strategies of both the pathogen and the host. Therefore, understanding virulence evolution pressures in different disease systems (e.g.
vector-borne, environmentally transmitted and opportunistic) is critical to forecasting disease dynamics under changing conditions.
EXAMPLE IN HUMAN BIOLOGY AND PUBLIC HEALTH
Intermediate virulence may have evolved for HIV, as shown by Fraser et al. [2] . For this directly transmitted pathogen, setpoint viral load (and hence growth that determines virulence) is clustered near the theoretical value that maximizes fitness (i.e. transmission potential). This level of virulence may represent an Evolutionary Stable Strategy (ESS) (Fig. 1) , where mutants deviating from this virulence strategy have lower fitness and hence cannot invade the ESS [3] .
EXAMPLE IN CLINICAL MEDICINE
Anti-microbial resistance (AMR) often has fitness costs, and may influence virulence in bacteria [4] . Further, the evolution of virulence in the same species can be driven higher or lower by AMR depending upon the fitness balance of resistance to particular anti-microbial chemicals [5] , as determined by interactions between AMR/virulence mechanisms, the environment, and the host [4] . This implies that AMR management could include anti-virulence strategies designed to minimize virulence through selection, potentially at the cost of increased AMR. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
